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Specification 

Title of the Invention 

Semiconductor Device 

Scope of Patent Claim 

1 . A semiconductor device, characterized in that it is made from a circuit 
that comprises input, which is controlled by a pre-stage circuit, and at least one 
insulated-gate field-effect transistor, at least one reference voltage of the 
reference voltages of said circuit is set higher than the reference voltage of the 
pre-stage circuit, there is a first switch means between said reference voltage 
and the input of said circuit and there isla second switch means between the 
output of the pre-stage circuit and the input of said circuit, the high potential of 
the input of said circuit is supplied by turning on said first switch and turning off 
said second switch, and the low potential of the input of said circuit is supplied 
from the pre-stage circuit, which has been connected to said second switch, by 
tumingoff said first switch and turning on said second switch. 

2. The semiconductor device according to claim 1 , further characterized 
in that said semiconductor circuit comprises at least one bipolar transistor. 

Detailed Description of the Invention 
[Industrial Field of Use] 



The present invention pertains to a semiconductor device and in particular, 
relates to a semiconductor circuit that is ideal for obtaining a strong drive 
performance and a high output amplitude. 
[Prior Art] 

The semiconductor device in Japanese Kokai Patent No. 59[1984]-25423 
is a conventional circuit that uses bipolar transistors and MOS transistors. 

Figure 30 is the circuit diagram of the above-mentioned semiconductor 
device. Actuation and problem points of this circuit are described below: 

The combined circuit of a CMOS (complementary MOS) inverter 
consisting of a p channel MOS transistor 4 and an n channel MOS transistor 5 
and bipolar transistor 7 and the combined circuit of an n MOS transistor 6 and a 
bipolar transistor 8 are connected vertically. In the description that follows, the 
power source voltage Vcc is a positive value and the power source voltage Vss is 
0 V. When the voltage of input terminal 1 is 0 V, p.channel MOS transistor 4 is 
turned on, current flows to the base of bipolar transistor 7, and this bipolar 
transistor 7 is turned on. On the other hand, because 1 is at 0 V and 6 is on, 
bipolar transistor 8 is not turned on, with its base voltage being 0 V. As a result, 
current flows to output terminal 2 and its voltage rises. The voltage of output 
terminal 2 eventually becomes Vcc - V B e, which is the value obtained by 
subtracting the voltage between the base and emitter of transistor 7, V B e, from 
the voltage Vcc of a positive power source. On the other hand, when input 1 is at 
a high potential, 4 and 7_are OFF, 8 turns on because base current is supplied 
through 6, and the output drops to a low potential. By means of the technology 



discussed below, current is always passed by bipolar transjstors when output 
rises and falls, and therefore, while drive performance increases and high-speed 
actuation can be expected, there are the following problems: That is, by means 
of the conventional circuit in Figure 30, the voltage of output terminal 2 does not 
rise to voltage Vcc of a positive power source. Moreover, the voltage on the high 
potential side of input terminal 1 goes from Vcc to V S s with all of the transistors 
being turned on simultaneously. In order to prevent so-called through-type 
current, [the voltage] must be high at Vcc - 1 V T 4P I. Here, V T 4P is the threshold 
voltage of p MOS transistor 4. Therefore, when, for instance, the front step of 
this circuit is actuated at low amplitude in order to reduce power consumption, 
Vcc in Figure 30 inevitably drops and the voltage of output terminal 2 remains 
low. 

It is not possible to raise the output voltage sufficiently with the above- 
mentioned type of conventional circuit. When the output voltage is low, the 
actuation of the next step of the circuit is delayed and when the LSI is viewed as 
a whole, high-speed bipolar transistors cannot be utilized to their fullest extent. 
This problem will become increasingly obvious in the future wheifdevice 
refinement and reduced power source voltage become necessary. Consequently, 
there is a need for a circuit that uses strong drive performance of bipolar 
transistors and outputs a sufficiently high output level. Moreover, this problem 
also occurs with conventional CMOS circuits without using bipolar transistors. 

[Object of the Invention] __. 



The object of the present invention is to improve on these conventional 
problems and present a semiconductor device with which it is possible to obtain 
sufficiently high output level, even with input signals of a low amplitude. 

[Summary of the Invention] 

In order to accomplish the above-mentioned object, the semiconductor 
device of the present invention is made from a circuit that has input that is 
controlled by a pre-stage circuit, and at least one insulated-gate field-effect 
transistor. This circuit has one or more reference voltages and at least one of the 
above-mentioned reference voltages is set higher than the reference voltage of 
the pre-stage circuit that controls the above-mentioned circuit. Moreover, a 
switch means is set up in between this reference voltage and the input of this 
circuit. Thus, both the input voltage and an independent high output voltage can 
be obtained. 

[Examples of the Invention] 

The present invention will now be described in detail using examples. 
Figure 1 is an example of the concept of the present invention. - 
C is the input terminal from the front-step circuit, and D is the output - 
terminal. High-amplitude output D is obtained from low-amplitude input C by 
means of this circuit. Bi, B 2 , and B 3 are alternating current or pulse high-voltage 
application terminals. Of these, Bi supplies high voltage to node F through 
switch 12, B 2 supplies high voltage to node p MOS 13, and B 3 supplies high 
voltage to the collector of the bipolar transistors- These terminals B^ B 2 and B 3 
can be separate, but two of them or all of them may also be connected. A is the 



control terminal of switch means 11. The output voltage is raised by bipolar 
transistor 1 5 and the output voltage is lowered by circuit block 16. 13 and 14 are 
the p MOS and n MOS transistors for controlling transistor 15. The number of 
inputs can be freely modified by increasing or decreasing the number of switches 
1 1 of Figure 1 . The high-voltage side of input C of a low amplitude or control 
input A is abbreviated V A and the high-voltage side of the direct current or pulse 
applied to terminals B 2 , and B 3 is abbreviated V H in the drawings and the 
examples that follow. The voltage of these terminals is not necessarily exactly 
V A or V H , but V A will serve as the low-voltage system and V H will serve as the 
high-voltage system in order to simplify the explanation. 

The actuation in Figure 1 is described below. First, C is brought to a low 
potential with switch 11 ON and 12 OFF, F is brought to a low potential and 13 
turns on and 14 turns off. As a result, base potential G of 15 becomes V H and 
the output voltage is raised quickly to the high potential Vh - Vbe by bipolar 
transistor 15. V B e here is the voltage between the base and emitter. Next, when 
input C is brought to a high potential, the potential of F rises through switch 1 1 to 
become V A - V T im. V T n n here is the threshold voltage of the n MOS comprising 
switch 11. As a result, 14 turns on, 15 turns off, and 16 turns on and the outputs 
potential of D drops. Input C switches to a high potential and switch 12 is turned 
on at almost the same time to bring the potential of F to V H , which is higher than 
V A - V T nn. Thus, the through current, which passes through 13 and 14, can be 
prevented. When the potential of F is higher than C and A, switch 1 1 
automatically turns off and the potential of F rises independent of the input. 
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Means 16 t which lowers the output potential, can be made from one n MOS 
transistor as shown in the same figure, but when a bipolar and MOS combined 
circuit is used for this part as shown in Figures 2 and 3, the output voltage can be 
raised at a faster speed. Furthermore, when n MOS 16, which is shown in Figure 
1, and any one of [the circuits] shown in Figures 2 and 3 are connected in parallel, 
the output potential can be lowered at a fast speed to 0 V. 

An example of the structure of the pre-stage circuit connected to input C in 
Figure 1 is shown in Figures 4, 5, 6, and 7. Figure 7 is a bipolar-CMOS 
combined gate circuit. These all have three input NAND functions. The 
reference voltage is low at V A and therefore, the output voltage is also V A or is 
lower than V A . In Figures 4 and 5, C has already been pre-charged to a high 

potential at p and p , and C is discharged when h, l 2 , and l 3 are all of high 
potential. There are no special pre-charge signals in Figures 6 and 7, but one or 
all of h, l 2 and l 3 has already been brought to a low potential and C has been pre- 
charged to a high potential. When the circuit in Figure 5 or 7 is used for the pre- 
stage circuit in Figure 1 , switch 1 1 can be omitted. The reason is that an n MOS 
or bipolar transistor is connected to the output in Figure 5 and Figure 7 and the 
problem of latch-up, etc., is prevented, even if C is raised to a high voltage of V A 
or higher by actuation of the last-step circuit. 

Next, a more specific example of the concept of the present invention in 
Figure 1 is shown in Figure 8. This example is one wherein switch 12 in Figure 1 
is made from a p MOS and this source is connected to the source of p MOS 13 
to serve as terminal Bi. 



Next, the actuation of this circuit will be described using the voltage 
waveform graphs in Figures 9 and 10. Figure 9 is the case where the terminal of 
gate A of n MOS 1 1 is always at the high potential V A . The high-potential side of 
input C is also brought to V A . When C becomes a high potential with E in a high- 
potential state, the potential of F becomes the potential V A - V tun through n 
MOS 11. Next, when E becomes a low potential, 12 (p MOS) turns on and the 
potential of F becomes V H . As a result, 13 (p MOS) turns off, 14 (n MOS) turns 
on, bipolar transistor 1 5 turns off, and 16 (n MOS) turns on, and output D is 
brought to a low potential. Furthermore, when F rises to the high potential V H , 
the potentials of A and C are V A and therefore, 11 is off and the potential at point 
C-remains at V A . On the other hand, when C is brought to a low potential with E 
in a high-potential state, 11 turns on and F and C both are brought to a low 
potential. As a result, 13 turns on, 14 turns off, node G becomes V H , and output 
D is charged at a fast speed to a high potential. The high potential of this output 
is V H - V B e- Furthermore, by means of this circuit, when the period tcE from when 
C is brought to a high potential V A , as shown by the wave line in Figure 5, until E 
is bought to a low potential is long, the high potential of F is limited to V A - V T n n 
for a while, and therefore, through current flows to 13 and 14 and there is a time 
when D is held at an insufficiently low potential. Consequently, curtailing the time - 
of tcE is undesirable by systems with which A is usually at a high potential. 
Therefore, when C is brought to a high potential, E should be simultaneously 
switched to a low potential. The above-mentioned problem can be completely 
eliminated in this way. Figure 10 is another example wherein the above- 
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mentioned through current is not allowed to flow. It is a system with which A is 
pulse driven in the circuit in Figure 8. Control terminal A is brought to a low 
potential before E is switched to a low potential at times ti and t 3 and the 
potential of C at this time can be any [potential]. When E is brought to a low 
potential, F is brought to the high potential V H , but n MOS 1 1 remains off 
because A is at a low potential. As a result, output D is brought to a low potential, 
as previously described. Next, E returns to a high potential, and when A is 
brought to a high potential at time t 2 with input C in a low-potential state, F is 
brought to a low potential. As a result, output D is charged to the high potential 
Vh - Vbe- On the other hand, if input C is at a high potential as at time U, 1 1 
remains off and output D remains at 0 V. Moreover, then even if switch 12 is 
turned on at t 5 , F stays at V H and output D stays at 0 V. Thus, by means of the 
system in Figure 10, the potential of F is brought to the high potential V H by 
switch 12 only, and therefore, the period in which the potential becomes V A - 
Vmn shown by the wave line in Figure 5 does not exist. It is possible to obtain 
high-amplitude output D from the low input of low-amplitude signals C and A by 
actuation of this circuit. 

Furthermore, although switch 12 is made from a p MOS in Figure 8, it can 
also be made from an n MOS, as shown in the example in Figure 1 1 . However, 
in this case, the polarity of the control signal E must be the opposite of that in 
Figures 9 and 10, and furthermore, in this case it is necessary to bring the - 
potential of E to V H + V T i2n or higher in order to bring F to the high potential V H . 
V T i2n here is the threshold voltage of 12 (n MOS). 



The above-mentioned is a system with which A (switch 1 1 ) and E (switch 
12) are synchronized. That is, switch 1 1 is always turned off before 12 is turned 
on and 12 is always turned off before 1 1 is turned on. Next, a system with which 
E is replaced by G will be discussed. 

The example in Figure 12 is one where switch 12 is made from a p MOS 
and it is controlled by the output G of the next-step CMOS. The control signal E 
in Figures 8 and 11 has been omitted. Actuation of the circuit in Figure 12 will be 
explained using the voltage waveform graph in Figure 13. First, when input C is 
brought to the low potential of 0 V with control input A of switch 1 1 in a state of 
high potential V A , switch 1 1 is turned on and therefore, F is brought to 0 V, switch 
13 turns on, and 14 turns on. Thus, the potential of G is brought to V H and 
bipolar transistor 15 turns on and 16 turns off. Output D is raised at a fast speed 
by the bipolar transistor and the output potential eventually becomes V H - V B e. 
The potential of G is V H and therefore, switch 12 (p MOS) changes from ON to 
OFF. Next, when input C is brought to a high potential, the potential of F rises to 
the potential of V A - V T im through 1 1 (n MOS). As a result, 14 is turned on and 
13 almost turns off. The potential of G drops and 12 is turned on. Therefore, the 
potential of F rises further and the potential of G drops further until eventually, F 
is brought to V H and G is brought to 0 V. When the potential of F rises from V A - 
V T nn to V H , switch 1 1 automatically turns off and the potential of input C remains 
constant. Thus, positive regression is applied by 12, 13, and 14. 

Furthermore, although the control input A of switch 1 1 is always at a high 
potential in Figure 13, when a pulse voltage is applied to A, output D can be 
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changed in accordance with input C, as described above, when A is at a high 
potential, while output D can be held constant at the previous high potential or 
low potential, regardless of the change in input C, when A is at a low potential. 

By means of the above-mentioned example, excess pulse signals are not 
needed from the outside and output D of a high voltage can be obtained from 
input C of a low voltage. 

By means of the examples in Figures 8, 11 and 12 discussed thus far, 
switch 12 is made from an MOS transistor, but Figure 14 is an example of switch 
12 made from a diode (bipolar or MOS diode) rather than an MOS transistor. 
Figure 15 is the voltage waveform graph. Figure 15 shows the case where the n 
MOS gate of switch 1 1 has been brought to the standard high voltage V A . This 
corresponds to the electrical waveform graphs in Figures 9 and 13. Of course, 
switch 1 1 can be actuated as in Figure 10 by applying a pulse to its gate. 
Immediately after input C has been brought to the high potential V A , signals that 
increase to potential V H + Vbe are applied to the anode side Bi of diode 12 in 
Figure 15 and point F is charged to V H through diode 12. Moreover, output D is 
brought to 0 V. When B-i returns to 0 V, 12 receives a reverse bias and turns off. 
Then when input C is brought to a low potential, the potential of F becomes 0 V 
through 1 1 and output D is charged up to V H + V B e- If input C remains at the high 
potential V A when the potential of point F is V H , output D will remain at 0 V 
without neglecting* point F. By means of the above-mentioned example as well, 
- the same high voltage output as with the previous examples can be obtained. 



" This may be a typo for "discharging"— Trans. Note. 



Furthermore, the example in Figure 16 is a combination of using the 
system in Figure 8 whereby switch 12 is controlled by control signal E and the 
system in Figure 12. 12-1 (p MOS) in this figure is the switch that sets F to the 
high potential V H using control signal E from the outside, and 12-2 is the switch 
that sets F to the high voltage V H using output G of the CMOS inverter made 
from 14 and 15 as the control signals. The actuation of this circuit is the same as 
the actuation of the circuit in Figure 8, but when compared to the circuit in Figure 
8, there is an advantage in that there is both stable and high-speed actuation of 
the circuit as a result of adjusting the gate width of the p MOS of 1 2-1 and 1 2-2. 
That is, when switches 1 1 and 12-1 are OFF, 12-2 turns on and point F is not 
brought to a floating state. Therefore, noise rarely penetrates point F from the 
outside and point F can be stably maintained at a high potential and output D can 
be stably maintained at a low potential. Moreover, point F is charged from a low 
potential to a high potential by turning 12-1 on, and therefore, if the gate width of 
12-1 is increased, point F can be raised at a fast speed and output D can be 
lowered at a fast speed. On the other hand, if the gate width of 12-2 is small, 
point F can be lowered at a fast speed and output D can be raised at a fast 
" speed. Thus, the raising and lowering of output D can both be performed at a 
fast speed. 

Furthermore, the examples given above have all been cases of one input 
(C) and one output (D), but when there are multiple inputs, [the device] can be 
made by multiple parallel connections of switches 1 1 in accordance with the 
number of inputs. Figure 17 shows one example where Figure 12 has been 
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changed to accommodate three inputs. In Figure 17, the three inputs (Ci, C 2 , C3) 
and switches Ai, A 2 and A 3 , which control these [inputs] are applied to each 
switch 11-1,1 1-2, and 1 1-3. By means of this circuit, all of inputs Ci through C 3 
of the switches whose signal A (i = 1 , 2, 3) is brought to high voltage V A are kept 
inside [the circuit], and the corresponding output is obtained from the output 
terminal. When A1, A 2 and A 3 are all at low potential, the potentials of outputs D, 
F and G are maintained as before, so that a constant voltage can be 
continuously maintained, regardless of changes in C1, C 2 , or C3. 

Since the rise in the output is performed at a fast speed in each of the 
above-mentioned examples, a bipolar transistor was used for the output, but 
depending on the case, it is also possible to omit the bipolar transistor and obtain 
the output from point G of each example. In this case, a bipolar transistor is not 
used, and therefore, the device is inferior in terms of fast speed, but an output of 
a high amplitude can be obtained from an input of a low amplitude. Next, the 
structure of these [devices] will be discussed, and Figures 17 and 18 are 
examples of this. Figure 17 corresponds to Figure 1 and Figure 18 corresponds 
to Figure 8. Bipolar transistor 1 5 for output charging and n MOS transistor 1 6 for 
discharging in Figures 1 and 8 have been omitted. The actuation of the circuit 
and the voltage waveform are the same as previously discussed. However, 
while the rise in output is delayed because there is no bipolar transistor, there is 
an advantage in that the potential V H of B 2 is obtained intact as output, that is, 
- without the voltage drop of output V B e, through p MOS transistor 1 3. As in the 
examples given thus far, terminals Bt and B 2 in Figures 17 and 18 can be 
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separate, or the same voltage V H can be supplied by connecting [the terminals] 
as shown by the wave line. 

The present invention can be used for a variety of purposes, but it is 
particularly ideal as the word driver for semiconductor memory devices, including 
static memories (SRAMs), dynamic memories (DRAMs), and read only memories 
ROMs) that use MOS memory cells. This is because in order to realize high- 
speed semiconductor memory devices, it is necessary to drive the word line that 
is to be selected at high speed and high amplitude, to increase the signal voltage, 
and as a result, to increase the S/N ratio, and further, increase the storage 
voltage, and improve resistance to soft error. The details of the above- 
mentioned are set forth in "High density one-device dynamic MOS memory 
cells," IEEE PROC, vol. 130, Pt. I., No. 3, JUNE 1983, pp. 127-135. 

Figure 20 is a block diagram of a semiconductor memory (DRAM, SRAM, 
ROM) and shows the memory cell array and peripheral circuit group. 

i Number of word lines WL and j number of data lines DL are set up 
intersecting one another in memory cell array MCA, and memory cells MC are 
placed at N number of the points of intersection between the word lines and the 
data lines. Each address input X 0 through X n and Y 0 through Y n is applied to 
address buffer circuits ABX and ABY, and this output is transmitted to decoder 
driver circuits XD and YD. Of these decoder driver circuits XD and YD, the word 
lines are driven by circuit XD and the write-read circuit RC is driven by circuit YD 
so that the writing of information on the memory cell MC that has been selected 
from memory cell array MCA, or the reading of information from this memory cell 
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MC is performed. CC is the write-read control circuit, and this circuit CC controls 
the above-mentioned address buffer circuits ABX and ABY, decoder drive circuits 
XD and YD, write-read circuit RC, and output circuit OC by chip selector signals 
CS, write actuation control signals WE, and input signals Dl. Output circuit OC is 
the circuit for externally outputting the information that has been read by write- 
read circuit RC. Furthermore, a static MOS memory cell is shown in Figure 20 
and a dynamic MOS memory cell is shown in Figure 21 as examples of memory 
cell MC. Moreover, although omitted from the figures, a read-only MOS memory 
cell is also used. The circuit structure of the peripheral circuit group varies with 
the type of memory cell, but a high-speed, high-amplitude driving of the word line 
is an essential condition for the rapid and stable actuation of any of these 
memory cells. 

Examples in which the present invention is used for the semiconductor 
memory cell (memory hereafter) word driver are given below. 

Figure 23 is one example of a decoder and word driver. DEC is the 
decoder circuit, WDO, WD1 , WD2, and WD3 are word drivers. The circuit shown 
in the example in Figure 8 is used as the word driver. By means of this circuit, 
four word drivers use the output C of one decoder circuit. Switches 11-1,11-2, . 
11-3, and 11-4 made from n MOSs are placed between the decoder and the 
word drivers and these are controlled by signals AT 0 , ATi, AT 2 and AT 3 . P<\ and 
P2 are pre-charge signals of each decoder and word line and charge point C to 
V A and points F 0 , -F1, F 2 and F 3 to V H -when the memory is on stand-by or during 
the pre-charge period. AX1, AX 2 , and AX 3 , and AT 0 , ATi, AT 2 , and AT 3 are the 



outputs of the address buffer circuit or the pre-decoder circuit. C is in a selective 
state at a low potential when AXi, AX 2 and AX 3 are all at a high potential. 
Furthermore, when one of [the signals] AT 0 , ATi, AT 2 or AT [3] is at a high 
potential, the output of the word driver connected to this [output] is charged to a 
selective state at high potential. Next, the actuation in Figure 23 will be 
explained using the voltage waveform graph in Figure 24. CS in Figure 23 
corresponds to the CS in Figure 19 and is the basic input signal that controls the 
timing of the memory chip. The input voltage of a TTL interface is assumed here. 
A high potential indicates that [the memory] is on stand-by or that it is in the pre- 
charge period, and the memory is in the state of actuation during the period of 
low potential. First, the "top 1" of the cycle in Figure 24 will be explained. When 

CS is high, Pi and P 2 are 0 V and C is charged to the high potential V A while F 0 , 
Fi, F 2 , and F 3 are charged to the high potential V H by p MOS 30 and 12. Word 
lines W 0 , Wi,~W 2 and W 3 are all at low potential of 0 V at this time. When CS is 
brought to a low potential and the memory is in an actuated state, Pi is brought 
to the high potential V A and P 2 is brought to the high potential V H , and pMOS 30 
and 12 are both OFF. When AX 1( AX 2 and AX 3 are all at thehigh potential V A at 
this time, C becomes 0 V. Furthermore, when only AT 0 is at the high potential V A 
and the others, AT1, AT 2 , and AT 3 are at a low potential, only F 0 is at 0 V and Fi, 
F 2 , and F 3 remain at the high potential V H . As a result, W 0 is charged to the high 
potential V H - V B e and Wi, W 2 , and W 3 remain at the low potential of 0 V. Once 
reading and re-writing of the memory is completed, all AX and AT signals 
are brought to a low potential in accordance with the CS input, and further, Pi 
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and P 2 are brought to a low potential and C, F 0 , Fi, F 2 , and F 3 are once again 
charged to a high potential. As a result, the selected word line W 0 also returns to 
0 V. By means of the next cycle "top 2", the address input is changed and it is 
assumed that some or all of signals AXi, AX 2 , and AX 3 remain at a low potential. 
At this time, even if decoder output C remains as is at V A , for instance, if AT 0 is 
brought to V A , F 0 is not discharged and therefore, output W 0 remains at 0 V. CS 
input is at a high potential in a state of stand-by tsT and therefore, Pi and P 2 
remain at a low potential and AX and AT also remain at a low potential. All word 
output is held at a low potential at this time. Decoder circuit DEC in Figure 23 is 
the same three input NAND circuits as in Figure 4, but the circuits in Figures 5, 6 
and 7 can also be used. Moreover, the number of inputs of the decoder can be a 
number other than three, and the number of word drivers that use the output of 
one decoder can easily_be a number other than four. 

Figure 25 shows the circuit in Figure 16 used for the word driver. This 
decoder and word driver are controlled in the same way as in Figure 24, but this 
word driver can realize 7 both stable actuation and high speed as described in 
Figure 16. That is, when P 2 is at a high potential and decoder output C is at a 
high potential, or when P 2 is at a high potential and switches 11-1 through 11-4 
are OFF, the potential of F 0 through F 3 can be stably maintained at V H by 
actuation of switch 1 2-2. Consequently, noise is rarely induced at points F 0 
through F 3 of the other word drivers, even when a certain word switches from low 
potential to high potential, and the words that have not been selected can be 



stably maintained at a low potential. Moreover, the gate width of 12-1 and 1 2-2 
can be adjusted for the high-speed response of points Fo through F 3 . 

Furthermore, Figure 26 shows the case where the example in Figure 18 is 
used for the word driver of the example in Figure 23. A bipolar transistor is not 
necessary and therefore, production cost can be reduced. The circuit actuation 
is almost the same as in Figure 23 and therefore, its description has been 
omitted. 

Now, an example of using the present invention in the word driver of a 
memory is shown in Figures 22 through 26. It is necessary to switch from low- 
amplitude input to high-amplitude output at high speed not only at the word driver 
of the memory, but throughout the input-output circuit of the memory and other 
integrated circuits in general. Figure 27 shows the case where signals are 
obtained from the low-amplitude circuit system 45, which is actuated at reference 
voltage V A , and high-amplitude output D is obtained using the conversion circuit 
of the present invention. References 41 through 44 indicate the inverters, which 
constitute system 45, or the logiocircuits. V A is supplied to their power source 
terminal J. High voltage V H is applied to B as the reference voltage of 46 and, 
when necessary, the direct current of the pulse voltage of voltage V A is applied to 
A. A, B, C, and D correspond to the same references A, B, C and D in the 
figures of the above-mentioned examples. This type of circuit structure is widely 
present, for instance, in components in which there is conversion from an ECL 
low-amplitude input to the high-amplitude MOS level, and components in wich 



there is conversion from the low-amplitude signals of the sense amp of the 
memory to the high-amplitude output of a TTL, etc. 

However, by means of the structure in Figures 1 through 27, two positive 
power sources, a power source that supplies voltage V A and a power source that 
supplies voltage V H , are necessary. These power sources, of course, can supply 
electricity separately from outside the chip, but it is also possible for only one to 
supply electricity from outside the chip and generate, while the other generates 
and supplies electricity inside the chip based on [this electricity from outside the 
chip] as the reference, or for both sources to generate electricity inside the chip 
based on another power source as the reference. Consequently, it is also 
possible that of the above-mentioned examples, by means of one in which two 
positive power sources are necessary and one is an outside positive power 
source, for instance, the higher of two voltages is supplied directly from the 
outside power source, while the lower [voltage] is supplied by reducing the 
voltage of the outside positive power source further using a voltage limiter circuit, 
as shown in Patent Applications No. 56-[19~81]-1 68,698 and No. 57[1982]- 
220,083. Moreover, depending on the case, it is also possible to supply the 
lower voltage from two required power sources from an outside positive power 
source and to raise the voltage of the outside positive power source using a 
booster circuit and then to supply this higher voltage. 

Figure 28 is an example of the booster circuit used in the present 
invention. - - 
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By means of this circuit, voltage V A is supplied from the outside positive 
power source to generate the high voltage V H . The circuit in Figure 28 is one in 
which so-called charge-pump booster circuits CP, and CP 2 have been arranged 
in parallel. The actuation theory of the charge-pump booster circuit is well-known 
and will not be described here. Here, Zener diode 192 is for leaking of current 
when the voltage of terminal 194 becomes too much higher than the desired 
level V H and for preventing the potential from rising further. However, it can be 
omitted when it is not necessary. Moreover, it is also possible to successively 
connect multiple MOS diode circuits, wherein the gate and drain of a 
conventional diode or MOS transistor have been connected, and use this in place 
of Zener dio 
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